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Abstract

Background: Regarding an important effects of physical exercise on brain function in elders, the aim of this study
was to examine the effects of strength and endurance exercise on brain neurobiological factors in older men.

Methods: Thirty older men volunteered to participate in this study and were randomly assigned to strength,
endurance and control groups. The subjects in strength group performed two circuits of resistance exercise (6
exercises with 10 repetition of 65-70% of one repetition maximum), while endurance group performed 30 min
running with 65-70% of maximal heart rate. Blood was obtained pre and post-exercise to determine changes in
serum BDNF, IGF-1 and platelets.

Results: After exercise, both the strength and endurance groups showed significant increases in serum BDNF and
IGF-1 concentrations and platelets at post-exercise and in comparison to control group (p < 0.05). In addition, no

statistically significant differences were detected between the strength and endurance groups at post-exercise.

Conclusion: Our findings indicate that both the strength and endurance interventions are effective in elevating
BDNF, IGF-1, and platelets, without significant differences between them.
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Background

Biological aging is associated with decreases in fat-free
mass (i.e., sarcopenia), muscle strength [1], brain volume
size, and decline in cognitive tasks such as memory [2].
In addition, the age-related decreases in muscle mass
and strength are by a decline in blood concentrations of
circulating anabolic hormones and neurotrophic factors
such as BDNF and IGF-1 [3, 4].

BDNEF is a protein in the human brain and a member
of the neurotrophin family of growth factors which plays
an important role in neuronal plasticity and nerve
growth during development and adulthood [5, 6]. In
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addition, IGF-1 as a neurotrophic growth factor influ-
ences on nerve growth, neurotransmition, and enhance-
ment of cognitive function [2, 7]. Considering positive
association between IGF-1, BDNF and exercise—induced
cognitive improvement [5, 8], it has been well reported
that these two neurotrophins, more notably BDNF,
might be mediators of brain and exercise [5, 9, 10]. In
fact, physical exercise enhances growth hormone secre-
tion in the blood circulation which in turn stimulates
the production of IGF-1 and then stimulation of brain to
enhance of BDNF [5]. Moreover, elevation of platelets
post physical exercise is in relation to promotion of
blood BDNF because of platelets plays important effects
to storage of BDNF. In fact, IGF-1 is a key growth factor
which also modulates synaptic plasticity, synapse density,
neurotransmission, and even adult neurogenesis and
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critically involved in vascular maintenance and remodel-
ing, and age-related reductions in IGF-1 have been asso-
ciated with decreased cerebral vascular density and
blood flow [9-14]. Enhanced IGF-1 is also thought to
mediate the induction of hippocampal BDNF, and to-
gether they are considered as the key factors in the ef-
fects of exercise on learning and memory [11].

Knaepen et al. [15] showed that acute endurance
but not resistance exercise is effective to increase per-
ipheral BDNF concentrations in healthy individual.
However, elevation of BDNF concentrations after en-
durance exercise has been reported in older women
[16], elderly persons with depression, but not on
healthy older adults [17].

It has been known that different types of exercise
training regulate BDNF, and IGF-1 expression and en-
hance brain plasticity [4, 12—14]. Despite growing body
of literature on acute endurance exercise and BDNF
levels [12—17], little is known about the effects of acute
resistance exercise on this issue. Some studies exploring
the effects of acute resistance exercise on BDNF levels
failed to find a significant response [18-20] due to var-
iety in intensity and duration of physical activity. For ex-
ample, Swift et al. [18] used low-to-moderate intensities
with fruitless results. Moreover, considering the fact that
resistance exercise leads to elevation of platelets, it
should be noted that platelets plays important area to
storage of BDNF, interfere on serum BDNF level [11].
To our knowledge, there is no evidence comparing the
influence of acute resistance and endurance exercise on
serum level of IGF-1, BDNF, and platelets in older
adults. Therefore, the aim of this study was to examine
the effects of strength and endurance exercise on serum
BDNF, IGF-1 and platelets and determine the associ-
ation between these variables in older men.

Methods

Participants

Initially, 40 older men volunteered to participate in the
study. They were recruited through advertisement and
letters from province basketball board. The inclusion cri-
teria were: 1) at least 10 years of experience in basketball,
2) being healthy by self-report (i.e., completion of the re-
vised physical activity readiness questionnaire for adults
older), 3) lack of cardiovascular system and musculoskel-
etal diseases which checked by physician, 4) not using
any drugs and supplements. Before initiating the experi-
ment, all subjects were screened by a physician using an
extensive medical history, and finally 30 subjects were
selected for this study. After anthropometric measure-
ments, the subjects were matched based on age and
body weight and then were randomly assigned to one of
the three groups: strength group (n =10, age =60.8 + 1.8
y, height=177.8 +89cm, weight=90.6+16kg, and
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body fat=21.9 +3.7%), endurance group (n=10, age =
60.7 + 1.7 vy, height=181+5.4 cm, weight=285.9 +13.4
kg, and body fat =21.8 +2.8%), and control group (n =
10, age=60.9 £ 0.9 y, height=179.6 + 8.2 cm, weight =
87.7+9.7kg, and body fat=21.0+3.9%) using
computer-generated random numbers. Before participat-
ing to in any measurements, the participants were in-
formed about the procedures of the study, benefits and
possible risks associated with the study and signed a
written consent form which was approved by the Declar-
ation of Helsinki and Research Committee at the Islamic
Azad University.

Study design

This study utilized a controlled, randomized design.
Subjects in strength and endurance exercise groups were
recruited to the laboratory on three and two occasions
with 48 h apart at 9-11 AM, respectively. On the first
visit, subjects were familiarized with exercise and testing
procedures. Subjects’ characteristics such as; age, height,
weight, and percent body fat via 3-site skinfolds were
measured at familiarization session. Subjects in strength
group also performed 1 repetition maximum (1RM) test
for the leg press, arm curl and calf rise. On the second
visit, 1RM of bench press, knee flexion and lat pull down
were determined for only strength group. On the third
visit, subjects in the strength group completed two cir-
cuits of resistance exercise, which consisted of 10 repeti-
tions with 65-70% of 1RM. Subjects in the endurance
group, also performed 30-min (3 x 10-min) endurance
exercise with 65-70% of maximal heart rate (MHR).
Blood samples were also collected to analyze brain neur-
utrophins at pre and post exercise. Subjects were
instructed to maintain their normal caloric intake
throughout the duration of the study. The subjects in
the control group did not perform any exercise and were
in the training room and laboratory to do measurements
similar to treatment groups.

Anthropometric measurements

Height was measured using a wall mounted stadiometer
to the nearest 0.5cm (Seca 222, Terre Haute, IN).
Weight was measured using a digital scale to the nearest
0.1 kg (Tanita, BC-418MA, Tokyo, Japan). Percent body
fat was assessed using skinfolds with Lafayette caliper
(Skin Fold Caliper, Model 01127 INDIANA), following a
previously described [21]. A 3-site (chest, abdominal,
and thigh) skinfold equation was used to obtain percent
body fat using Jackson and Pollock equation [22].

1RM testing

For the prescription of resistance exercise, IRM strength
was assessed in the free-weight (i.e. arm curl, and bench
press) or machine exercises (i.e. leg press, calf rise, knee



Arazi et al. BMC Geriatrics (2021) 21:50

flexion, and lat pull down) using previously described
methods [23]. Subjects performed a warm-up specific to
this test consisting of eight to ten repetitions using a
light weight (ie., 50% of 1RM), three to five repetitions
using a moderate weight (i.e., 75% of 1RM), and one to
three repetitions using a heavy weight (i.e., 90% of 1IRM).
Then, resistance was increased until participants were
unable to complete an attempt using proper technique
through a full range of motion. Up to five maximal at-
tempts were allowed, with 5 min of rest between at-
tempts. Spotters and investigators were present to
provide verbal encouragement and ensure safety.

Exercise interventions

Each exercise intervention lasted 45 min (i.e., 10 min of
standard warm up, 30 min of main exercise, and 5 min
of cool down). The participants received verbal encour-
agement throughout the exercise session. An experi-
enced strength and conditioning coach monitored all
exercise protocols.

Strength exercise

Subjects in strength group performed circuit type resist-
ance exercise (two circuits) in order to leg press, lat pull
down, knee flexion, bench press, calf rise and arm curl
for 10 repetitions with 65-70% of 1RM. The rest period
between stations and circuits were 60 and 120s,
respectively.

Endurance exercise

To main exercise for the endurance group consisted of
30 min (3 x 10-min with 120s interval) of running with
65—-70% of MHR (208-0.7 (age); approximately 100-to-
110 beat/min). The MHR was assessed using Polar S610i
heart rate monitor (FIN, 90440, FINLAND).

Blood sampling and analysis

Blood samples were obtained (10 cc) from the antecubi-
tal vein at pre, and post exercise at sitting position (i.e.,
10 min) to control hemoconcentration in alteration of
BDNF and IGF-1 levels. Pre blood samples were drawn
following a 10 min equilibration period prior to exercise.
Post blood samples were taken within 5 min of exercise
cessation reported by Rojas Vega et al. [24] to determine
serum BDNF levels at post-exercise. The blood samples
were assigned to clot at room temperature for 30-min
and centrifuged at 3000xg for 15-min. The serum layer
was removed and frozen at — 80 °C for further analyses.
The blood samples of participants were measured in du-
plicate and were decoded only after completing the ana-
lyses. Serum IGF-1 was measured by commercially
available enzyme-linked immunosorbent assay (ELISA)
kit (Diamerta, R & D manufacturing, ITALY) according
to the manufacturer’s procedures. The sensitivity of the
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IGF-1 assay was 0.13 ng/mL. The intraassay coefficient
of variation (CV) for IGF-1 was less than 6%. Serum
BDNF was assayed in duplicate according to the manu-
facturer’s instructions (R&D systems, Inc. Minneaplis,
USA). The sensitivity of the BDNF assay was 0.13 ng/
mL. The intraassay CV for BDNF was less than 5%.
EDTA-treated whole blood was used for platelets assess-
ment via automated clinical analyzer (Quest Diagnostics
Inc. Willimantic, CT).

Statistical analyses

All values are presented as the mean + standard devi-
ation (SD). Relative changes (%) in the dependent vari-
ables and effect sizes (ESs) are expressed as 95%
confidence limits (CL). Normality of all data before and
after interventions was checked with the Shapiro—Wilk
test. To determine the effect of interventions on neuro-
biological changes a 2-way variance analysis with re-
peated measurements (3 [groups] x2 [times]) was
applied. When a significant F value was achieved, Bon-
ferroni post-hoc procedures were performed to identify
the pairwise differences between the means, and one-
way ANOVA’s were used to compare changes among
the groups (strength, endurance and control). Pearson
product moment correlations coefficient (r) was used to
determine relationship between BDNF, IGF-1, and plate-
lets using post-test scores. The level of significance was
set at p<0.05. Threshold values for assessing magni-
tudes of ES were <0.2, trivial; 0.2-0.6, small; 0.6-1.2,
moderate; 1.2-2.0, large; 2.0-4.0, very large; and > 4.0,
nearly perfect [25].

Results

The subjects in the control group did not show any sig-
nificant changes in the variables and experimental
groups indicated significant differences compared to
control groups in all variables (p < 0.05).

The endurance and strength groups demonstrated
small to moderate significant increases (p =0.003, F =
15.642) in the BDNF levels from pre to post-exercise
(endurance, ES =0.15 (- 0.7, 1.02 CI, small), 17.7%, p =
0.002; strength, ES=0.42 (-0.48, 1.29 CI, moderate),
15.5%, p = 0.003). After exercise intervention, no signifi-
cant differences were observed between the endurance
and strength groups in the BDNF levels (p=0.05)
(Table 1 and Fig. 1a).

The endurance and strength groups demonstrated
small to moderate significant increases (p =0.03, F=
16.013) in the IGF-1 levels from pre to post-exercise
(endurance, ES =0.18 (- 0.7, 1.05 CI, small), 3.91%, p =
0.02; strength, ES =0.29 (- 0.6, 1.16 CI, moderate), 4.1%,
p=0.03). In addition, there were no differences at post
exercise between the endurance and strength groups in
IGF-1 level (p > 0.05); however, strength group indicated



Arazi et al. BMC Geriatrics (2021) 21:50

Page 4 of 8

Table 1 Changes in the variables from before to after exercise among the groups

Strength Endurance Control Significant
(n=10) (n=10) (n=10)
BDNF (ng/mL)
Pre 3.58 £1.05 413 +3.65 3.18 £ 027 G=0413
Post 416+£182 % ** 468+39 % ** 321 +029 T=0.003
GxT=0023
IGF-1 (ng/mL)
Pre 1344+216 157.1 +30.84 1217 £ 177 G=013
Post 1395+£20 % ** 162.6+28.86 * ** 1219+ 176 T=003
GxT=0039
Platelet (miclx 1000)
Pre 2469 +41.1 2448 + 466 2176 + 342 G=017
Post 283.6+47.7 %, ** 2794 +£405 *, ** 219.7 + 34 T=0.001
GxT=0.001

* Denotes significant difference from corresponding before exercise (p < 0.05). ** Denotes significant difference from corresponding control group (p <0.05).
Values are mean + SD. BDNF: Brain derived neurotrophic factor. IGF-1: Insulin-like growth factor 1

more ES (moderate vs. small) than endurance group
(Table 1 and Fig. 1b).

In platelets, both the endurance groups indicated mod-
erate significant (p =0.001, F=104.989) improvements
from pre to post-exercise (ES=0.79 (-0.15, 1.67 CI,
moderate), 15.2%, p =0.001) and strength (ES=0.82 (-
0.12, 1.70 CI, moderate), 14.9%, p = 0.001). After exercise
intervention, no significant differences were observed
between the endurance and strength groups in the plate-
lets (p = 0.05) (Table 1 and Fig. 1c).

Statistically significant correlations were detected be-
tween IGF-1 level with platelets (r=0.556, p=0.001)
and BDNF (r=0.347, p=0.042) (Fig. 2b and c). Also,
positive correlations were observed between serum
BDNEF level and platelets (r = 0.535, p = 0.002) (Fig. 2a).

Discussion

Our findings revealed that both the acute strength and
endurance exercise induced meaningful changes in
BDNF, IGF-1 and platelets in older adults and there
were no statistically significant changes between the
treatment groups in the variables at post-exercise. We
also found significant positive correlations between IGF-
1, BDNF and platelets following the exercise interven-
tion. In line with our findings, previous studies [5, 6, 18,
20] reported that endurance and resistance exercise has
positive effects for elevating of BDNF levels in older sub-
jects. However, Rojas Vega et al. (2008) reported no sig-
nificant changes in serum BDNF in response to
endurance exercise [26]. The discrepancy in the magni-
tude of changes in BDNF following the exercise inter-
vention could be due to the intensity of exercise which
plays an importance role in stimulating secretion of
BDNF. Similar to previous studies [24-26], peripheral

measures of circulating BDNF was measured to identify
the effects of exercise. It appears that peripheral serum
BDNF level has the efficacy in showing the level of
BDNF in the brain [27]. In fact, it is known that the per-
ipherally produced BDNF can exert trophic effects to
support the CNS, because it can cross the blood—brain
barrier. At rest, the production of BDNF is regulated by
neuronal activity; however, physiological stimulation
such as physical exercise can be used to regulate of the
BDNF levels in the brain [27]. The regulation of BDNF
during physical exercise could open up an interesting
perspective for the function of BDNF in neuroplasticity
of the hippocampus, cerebellum and frontal cortex [28].
Thus, the increase of the serum peripheral BDNF level
following the physical exercise might be of importance
in maintaining a proper brain function regarding positive
correlations between concentrations of central (neural)
and peripheral measures of BDNF [29, 30].

Following strength and/or endurance exercise
mitogen-activated protein kinas (an important intracel-
lular signal pathway involved in BDNF production and
secretion) stimulation is increased in hippocampus and
brain cortex [29] resulting in serum BDNF level en-
hancements. In fact, performing exercise may induces
maturation of BDNF (i.e, mBDNF) by stimulation of
Ca2+/calmodulin-dependent protein kinase II (CaMKII)
and Synapsin I, and also increases in expression and ac-
tivation of tissue plasminogen activator (tPA) and there-
fore enhancement of proteolytic mRNA of mBDNF [30].
However, in this study we did not directly measure mo-
lecular pathway of BDNF secretion in the circulation.
Collectively, increases in IGF-1 levels could be a key ex-
planation to increases in BDNF levels following exercise
because of IGF-1 could plays an important role for the
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transformation of proBDNF to mBDNF in CNS resulting
in enhancements of serum BDNF [24, 31]. In addition,
increases in platelets at post exercise could be another
important mechanism to increase BDNF levels because
of Reddy Kilim and Lakshmi [32] reported that platelets
increased immediately post exercise due to release of
fresh platelets from the bone marrow and maintained
the elevation of blood neurotrophins (i.e., BDNF) for 5
min after exercise and then declined to baseline levels
following (i.e., 10 min) physical exercise [24]. However,

more studies are necessary to clarify the effects of exer-
cise on peripheral BDNF and their effects on brain
BDNF levels in humans.

Following strength and endurance exercise, serum
IGF-1 increased significantly compared with pre-
exercise. However, the magnitude of changes in IGF-1
secretion was greater for the strength group compared
to endurance group (ES; 0.29 [moderate] vs. 0.18
[small]). These findings are in accordance with previous
studies which reported the importance of resistance
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exercise to increase IGF-1 concentrations in elders [1-3,
5]. The elevation in IGF-1 after exercise could be due to
increases in growth hormone (GH). In fact, blood lactate
concentration increased after exercise and stimulates
hypothalamus to release of GH in the blood and conse-
quently induces IGF-1 secretion [1, 3]. Considering posi-
tive effects of IGF-1 on BDNF levels [33], IGF-1 could
be a factor contributing to neural cell growth, differenti-
ation and survival.

Both the strength and endurance exercises induced
statistically significant increases in platelets after exer-
cise. These findings are in line with previous investiga-
tions which used resistance and endurance exercise [34,
35]. Increases in circulating platelets after exercise might
be related to elevation in epinephrine which facilitates
splenic release of platelets [34—36]. Another potential
mechanism to explain exercise-induced increase in
platelets could be increases in shear stress following
both the endurance and strength exercise [31, 35]. In
fact, strenuous physical exercise induced meaningful in-
creases in both platelet count and activation induced by
increased plasma  platelet factor 4 and f-
thromboglobulin [32]. According to the results of the
present study both the strength and endurance exercise
groups induced similar responsibility to produce stimu-
lations in platelets and also similar increases in BDNF
signaling pathways and IGF-1 secretion. Taken together,
physical exercise (i.e., strength and/or endurance) not
only increased IGF-1 secretion but also increased plate-
lets and serum BDNF level in older adults. This finding
theoretically confirms the high capacitance of brain
neurotrophic factors even in old ages, to boost neuronal
plasticity, neurogenesis and cognitive functions [37, 38].

Conclusion

The present study suggests that a session of physical ex-
ercise (i.e., strength or endurance) have meaningful ef-
fects to enhance IGF-1, platelets and BDNF levels in
older men. Therefore, it could be recommend that older
adults use these exercise protocols as no pharmaco-
logical tool to increase serum IGF-1 and BDNF levels
and possibly enhance brain function in previously active
men (i.e., basketball players); however, considering ES
and % change in the variables the strength and endur-
ance exercise group indicated no significant differences
between their changes and both interventions induced
similar effects.
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